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EVALUATION OF A METHOD TO DETERMINE SPRUCE-FIR MORTALITY 
CAUSED BY SPRUCE BUDWORM IN THE LAKE STATES, 1979 


by Robert P. Ford, Entomologist 
St. Paul Field Office 


INTRODUCTION 


There is a need to develop and evaluate methods of measuring 
mortality of merchantable timber resulting from uncontrolled 
defoliation by the spruce budworm (Choristoneura fumiferana 
(Clemens)). Spruce budworm outbreaks in spruce and fir stands 
nationwide, including the Lake States of Michigan, Minnesota, 
and Wisconsin, disrupt management plans and cause concern about 
timber losses. A method that might efficiently determine spruce- 
fir losses was evaluated in 1979. This report describes that 
method, which was based on random selection of plots, and recommends 
ways to improve it. 


OBJECTIVE 


The objective was to design, use, and evaluate a method of 
estimating the volume of merchantable spruce and fir recently 
killed by the spruce budworm. 


The criteria for the evaluation were: 
1. Precision of +20 percent of the mean volume 
of killed spruce and fir, one standard deviation. 
2. A survey method that could be accomplished in 
10 person-months in the Lake States. 


METHODS 
wah 

One hundred forty-two stands were randomly selected for 
sampling from a list of all merchantable spruce-fir stands on 
the Chippewa, Superior, Chequamegon and Nicolet National Forests 
in Minnesota and Wisconsin. Merchantable stands were defined 
as having at least 5 cords/acre (4.87 m*/ha) of merchantable 
white spruce and/or balsam fir, accessible for harvesting, and 
in designated multiple-use areas. The Minnesota Department of 
Natural Resources, using the same criteria for stand selection, 
selected 16 stands on State land and 10 on private land. 


During the summer of 1979, selected stands were examined 
for live, risk, and dead spruce and balsam fir. A center point 
plus four satellite points were established as a temporary plot 
in each stand. The satellite points, at cardinal directions, 
were 2 chains (40 m) from the center point. A 10-basal-area- 
factor prism was used at each point to determine the number of 
balsam fir and spruce to be recorded by basal area categories. 
One live and one dead balsam fir and one live and one dead white 
spruce nearest each point were measured to obtain dbh and the 
number of merchantable 8-ft (2.44 m) sticks to a 4-in (10.2 cm) 
diameter top. Defoliation estimates were recorded for spruce 
and fir at each point. 
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The data were analyzed to determine the average number of 
cords per acre of live, dead, and risk spruce and fir. These 
values were converted to metric units at 85 ft? (2.4 m’) per 
cord. The percent error of each average and the approximate 
number of plots needed to meet the precision level in the 
evaluation criteria were calculated. Data were sorted and 
analyzed according to ownership (Federal, State, or private) 
and state (Minnesota and Wisconsin). 


RESULTS 


The average stand sampled contained 10.2 (+4 percent) 
cords/acre (9.9 (+4 percent) m?/ha) of white spruce and balsam 
fir. Of this volume, 0.43(+22 percent) cords/acre (0.42 (+22 
percent) m?/ha) had been killed by spruce budworm defoliation. 
Most of this dead volume (0.41 cords/acre or 0.4 m?/ha) was 
balsam fir. About 0.5 cord/acre (0.5 m?/ha) of all balsam fir 
was at risk, which means it will die in a year or two. 


There was a greater volume per unit area of spruce and fir 
in Wisconsin than in Minnesota, but the proportion of spruce 
to fir was about the same -- one cord/acre (0.97 m?/ha) of spruce 
for every 5.5 cords/acre (5.4 m°/ha) of balsam fir. In Minnesota 
one of every 20 cords (48 m°) of spruce and fir was dead, while 
in Wisconsin one in 32 (77) was dead. Ten percent of Wisconsin's 
spruce-fir volume was at risk because spruce budworm populations 
had been high for the previous 3 years. In Minnesota, however, 
where budworm populations were low, only 2 percent of the spruce-fir 
volume was at risk. 


A summary of volume lost and area infested by spruce budworm 
according to ownership and state is shown in Table 1. 


All Wisconsin stands sampled were somewhat defoliated by 
spruce budworm. Nearly 25 percent of the spruce-fir type was 
severely defoliated, while 15 percent was lightly defoliated. 
In Minnesota, however, less than 25 percent of spruce-fir type 
suffered moderate to severe defoliation and 12 percent of the 
Stands were uninfected. 


Four temporary forest technicians for the St. Paul Field 
Office needed 8 person-months to complete the survey on four 
National Forests; and four Minnesota DNR pest managers each took 
2 weeks to do the survey on State and private lands. 


CONCLUSIONS 


This survey failed to meet the required precision limits of 
20 percent of the mean volume per unit area of dead spruce and 
fir, one standard deviation. Much effort went into surveying 
healthy stands, indicating that some sort of stratification is 
needed in future surveys to include only stands with budworm-killed 
timber. 

















i 
. 
to vadmun gooiewe Op.” O68 fersanb: ca tre 2 id i 
rgasT an ae are te} yes bbe ihe “aD » 
469.4 °9 b.S7: * 3%. 66 fede ml atta G pyr 
ohamt ogee ait Ras weerivs dose YO qotte ” 
Ariz a? Fats! wo Sat ie, unt 3 
pase bidnon. Koo BIW LOM cTas A ineeing 
asthe | wv Qti2ire at at bao 
Mass rs Dee stein} 






Cqdnuyvi at 
7 ? i 

: a) 7 > 

* HEF ac .) Poe? Ato ale ive inmee baste % Sve en] j — f 

YF ‘ ' fl » . tes | - - : 7 

7 


Bo 


wine rath ie so Pam, (Ss igortse Pty £22) etc 4 P| 
ae) La) | tse \ 77182 iasxisg evr) bc cam at Att 30) a ~~ 
ee, now Beat Sal Tit owed Ub (ete (a ese ton i a 
iW CSR's om PO of abo7 Te 0)- wu oy ‘spe 19 ‘ee io 220" : 
10? Merle li { it, C0) syaekiengs EP tueds «ae beled - oo 
5 "4 , Hh [iia eiee’ thet ,eart JA 2ew — _ 
; a 
Bre Sou; 02 Yo ses. Dhow 389 Gilfoy asfesih & amy fuss} b 
TG MOPs C | did etorenniticns ftdy nigaesary ni a) 
o 7 WH il nm \ ) i“ 1 -« p22 id Avoca nevi) af 7 - 7 
tisonine et: iif ti teu f Silcunr\ shee ¢ 4A yoga wt 7 a> t 
a) ire aks BW bis, Saunas Po (a BR) ebvae OS vrsre FO eno an : 
2 west! Vous nao r “O Byely) gew O80) SC-9i “Get th nee en! waar 
de on Tals ) > Seyhsin WOPY 6. 28W weuidv a T-a5bNG?P - 
oyowad . crore nb oateey. &aeorye yy. ode [ delet meat pail 7 
my P9 wide ons Fa eared 5 uiho .wol shaw ey0rdgal uc nintid anh . 
eed 


¢ 
Jf Sfee) mr Aweneierieiete. Ons Ginteiirwo oF ot) Dtoo0s ; 


: 
er 0 is 2 Ths \y = iL 
ihe : ; 
; er 
reOwbed O>iage Ye boletied sab tbna Foal swilov vo \seriweA iT Soe a 
a | 


7 
vd. bate (Potted “I anwarwe rid, sefaring 2bn%3 ¢ e hirnooalw 1 TA 7 ie i 
i Say) 7ht-aa 92 Sa) iene Sa, GS fsa)  Myowbyd some : _ ; 
sLendel Oba yl sale z ‘gu fnayint Be ath Whadet both “fois . > 
“id 10 %-agu aes 2 o Jaoowa. 2S Warde 2 36T 1 vSno!) . Sovenhtelenl > hy) 
até Yo *#e0%eq: Sl bile notrsr etes id a ot stevebom paivl tz - 7 = 
| ei Let OS HTT Hisw eb05 2 7 






Glets: jriat G2> oy eH a) igs deotot ed hie ; 
wot ny. vere Sy Aale 4 a kok Siege, Wabi 
Jot daa AP 19 ee) be to abseer 
hell “etevinn brit iomg 


ea re a7 es 
‘apa 









79 ztimlir nel ataon 
bag sour S “irl te s0r ik 
pris etd abn se 3 waite vee ye 
at mob beoi?) terse ; Sect ae 

bul tia rar acre sat Mit An 


] 










7 f ; ; . a 
7 + 06 
7 - ’ ae 


aie. Peer ay wre 
ar 


\ at 7% 
“ a 









_ 


This survey took longer to complete on four National forests 
and in one state than the 10 person-months the criteria allow for 
a survey on six National Forests and three states. 


Recent spruce budworm defoliation killed about 41 ft3/acre 
(0.47 m3/ha) of merchantable spruce-fir in Minnesota and Wisconsin. 


RECOMMENDATION 


Future spruce budworm loss assessment surveys should be 
done only after spruce-fir stands have been classified by 
presence or absence of timber killed by spruce budworm defoliation. 
Ground survey effort should be limited to the stands where a 
recent budworm outbreak has killed trees. Classification can 
be accomplished reasonably from aerial sketchmap surveys 
outlining areas of defoliation and dead spruce-fir. The 
probability of selecting any stand for sampling should be 
proportionate to its size. The number of sample plots should 
depend upon the variation in volume as well as in acres of dead 
timber and the allowable error. A plot of five prism points 


arranged in a fixed cluster should be used to sample stand tree 
condition. 


The aerial sketchmap survey data could also be used for level 1 
(area infested) information needed for Forest Insect and Disease 
Information System (FIDIS) reports. 


Table 1.--Area infested and commercial value lost in 1979 to 
defoliation of spruce-fir by the spruce budworm 


Ownership Area infested Volume loss? Stumpage loss? 
1978-9 
M acres M ha Mo t4 geen in M$ 
MINNESOTA 
National 
Forest 8/7 BD 2891 81.97 340 
State 216 87 155/937 e447 23 1858 
Private Ts5 55 661 18.8 78 
WISCONSIN 
National 
Forest 114 46 3287 93.1 386 


2/At 85 ft>/cord 
b/At $10/cord ($4.15/m?) stumpage 
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